The transport of two sugars and three amino acids by proximal and distal intestinal segments of 2-, 5-, 10-, 16-, 22-, 26-, 30-, and 70-to 84-day-old rats was investigated. Labeled a-methyl-D-glucoside and D-galactose were the sugars and labeled L-valine, L-lysine, and glycine were the amino acids used. The sugars were selected because they are thought to share a common transport system in the adult rat. Conversely, the three amino acids were selected because they appear to have separate transport systems in the adult rat. Intracellular accumulation was the transport variable investigated.
Introduction
The optimal protein intake for newborn infants, particularly low birth weight infants, is yet to be defined. Human milk, which is low in protein content, was preferred until Gordon et al. [16] presented data that premature infants fed a half-skimmed cow's milk formula gained weight more rapidly than infants fed an isocaloric formula of human milk. In 1955 Kagan and associates [18] suggested that the increased weight gain seen with the above formula was related to the increase in ash-electrolyte intake rather than to the percentage of protein, carbohydrate, and fat. Since then the jjrotein intake that is most advantageous for premature infants has been the subject of considerable discussion [1, 3, 11, 15, 17, 20, 21, 30, 31] and raises a basic question, i.e., the effect of age on protein metabolism. Studies of both digestive and transport processes were devised to answer the question whether newborn animals handle protein more efficiently than do adult animals. This report focuses on the study of intestinal transport.
Studies [5, 7, 8, 12, 26] indicate that segments of chicken, hamster, rabbit, and rat small intestine are capable of accumulating amino acids and sugars against a concentration gradient at, or shortly after, birth. In this study we set out to characterize the postnatal developmental transport patterns of certain amino acids and sugars. We used three amino acids thought to have separate carrier systems in the adult and two sugars thought to share a common carrier system, so that any maturational carrier system differences might be detected.
Materials and Methods
Rats of the Wistar strain of both sexes, 2-, 5-, 10-, 16-, 22-, 2(5-, 30-, and 74-to 84-days-old, were used for the transport studies. The rats were routinely weaned to a standard rat ration at 21 days; therefore, the first fourages represented suckling rats and the remainder represented weaned animals. After the rats were killed by decapitation, the small intestine was quickly removed and then divided into proximal, middle, and distal thirds. The middle portion was cliscai-ded. The proximal and distal portions were then split longitudinally and the luminal contents were removed by washing with oxygenated saline. Proximal and distal segments, pooled or subdivided to weigh between 100-500 mg, were then placed in 5 ml oxygenated Krebs-Tris buffer (pH 7.4) [24] , containing 8,000-15,000 cpm/ml of uniformly labeled ( 14 C) and nonradioactive sugars and amino acids, to the desired final concentrations. In addition, 5,000-12,000 cpm/ml of methoxy ( 3 H) inulin were added to the medium to measure the extracellular space of the tissue [27] . Segments were incubated at 37°f or 10 min after which they were washed quickly in saline, blotted, and weighed. Segments then were homogenized in 4 times their weight of 5% trichloroacetic acid. The homogenate was centrifuged and aliquots of the supernatant were counted in a Tri-Carb liquid scintillation spectrometer [33] in a system containing xylene-dioxane-ethanol (5:5:3), naphthalene (40 g/ liter), 2,5-diphenyloxazole (5 g/liter), and 1, 4-bis-2-(5-phenyloxazolyl)-benzene (100 mg/liter). The spectrometer was adjusted to permit 60% 14 C efficiency, 22% 3 H efficiency, less than 0.01% 3 H efficiency on the 14 Cchannel, and 10% efficiency of the 14 C on the :i H-channel. Sugar and amino acid transport is expressed as intracellular accumulation which is defined as the millimolar concentration of the sugar or amino acid in the cellular water after a given incubation period, assuming a water content of approximately 80% of the tissue wet weight [32] . This variable was calculated on the basis of a modification of a formula used by Crane and Mandelstam [10] which now takes the following form: millimolar (cellular water) = (millimolar homogenate supernatant X homogenate volume) -(extracellular space X tissue wet weight x 0.8 X millimolar medium) / (1 -extracellular space) x (tissue wet weight x 0.8). The counting rate of each individual experiment was mathematically treated so that 10,000 cpm/ml were equivalent to the initial concentration of the sugar or amino acid. This permitted the conversion of counts to micromoles of sugar or amino acid from identical experiments having somewhat different initial counting rates.
The source and specific activity of the radioactive compounds used in this study were: uniformly labeled 
Results
Previous results have shown that valine, lysine, and giycine do not undergo significant metabolism during the course of the intestinal transport studies [24] . Saunders and Isselbacher [29] have reported that the conversion of galactose to its 1-phosphate by intestine is very slow during the first 10 min of incubation. On the basis of these results, it is assumed that the sugars and amino acids taken up by the intestine in the present study represent the nonmetabolized forms of these compounds. Table I shows the effect of age on the intracellular accumulation of 3 mM a-methyl-D-glucose by proximal and distal segments of rat intestine. To describe more clearly and concisely the aging patterns, the means of Percentage of period I values were obtained by dividing the average transport activity in that period by the average transport activity in period I. 2 Each value represents the mean ± SEM from at least 15 determinations. 3 A paired or unpaired difference / test was used to determine whether differences in transport values between consecutive time periods were significant; P of 0.05 or less was considered significant. ' With the exception of the substitution of 3 ITIM galactose for 3 IIIM a-methyl-D-glucoside in the Krebs-Tris incubation medium, the method used in obtaining and expressing the results are the same as in Table I. the transport data from the 2-and 5-day-old rats were determined and are presented in the tables as period I. Similarly, data from the 10-and 16-day-old rats represent period II; 22-, 26-, and 30-day-old rats, period III; and adult rats, period IV. In both intestinal segments intracellular accumulation of a -methyl-D-glucose was greatest during period I. The accumulation of the sugar in both the proximal and distal segments showed significant decreases between each successive time period, with adult levels being only 38% (proximal) and 25% (distal) of that found in period I. After period II, accumulation in the proximal intestine became significantly larger than that in the distal intestine producing the well established gradient of sugar transport activity noted in adult animals [2, 25] . Table II presents the effects of age and intestinal location on the intracellular accumulation of 3 mM D-galactose after a 10-min incubation. Over the age span studied, maximal transport again occurred in period I and no segmental differences were noted until the 22nd day when proximal accumulation became significantly greater than distal accumulation. Again, the pattern is one of a steady decrease of transport as a function of age resulting in a composite adult galactose accumulation approximately 45% of that found in period I.
The effects of age on the transport of 1 mM L-valine are shown in Table III . Maximal accumulation occurred in both segments in period I followed by a progressive decrease of about 50% to adult values in a manner similar to that seen with the sugars. Valine accumulation in period III reached values not significantly different from those found in adult rats. In contrast to the sugars, valine accumulation in the proximal and distal segments remained statistically equivalent as a function of age.
The pattern of lysine intracellular accumulation as a function of age (Table IV) showed a distinct difference from those of the compounds studied previously. Lysine accumulation did not decrease between periods I and II, resulting in a broad maximum of lysine transport between the 2nd and 16th day. The greatest decrease in activity occurred between periods II and /// followed by a smaller decrease between periods III and IV to adult levels which were about 50% lower than those in period I. No significant segmental variations in lysine transport were observed over the time periods studied. The largest intracellular accumulation of 3 IDM glycine was also noted during period I (Table V) . With glycine, the proximal and distal segments exhibited distinct patterns of decrease as a function of age. In the proximal segment the entire decrease to adult levels occurred between periods I and II, with no significant differences in glycine accumulation evident in successive periods. Glycine transport in the distal segment decreased more gradually, with significant difference noted between periods I and II and between periods II and III. During period II, glycine accumulation in the distal segment was significantly greater than glycine accumulation in the proximal segment. The composite level of glycine accumulation fell 46% over the age range studied.
Although all the sugars and amino acids studied showed the largest transport in period I followed by progressive decreases to adult levels, the pattern of decrease varied. Table VI illustrates these patterns more distinctly by expressing the percentage of the total decrease occurring during each consecutive period for each sugar and amino acid. Proximal and distal transport were considered collectively in the construction of this table. The pattern of decrease for both sugars as well as valine was similar, with about 50% of the total decrease occurring between periods I and II, about 33% between periods II and ///, and 15-20% between periods III and IV. Lysine, however, showed little decrease between periods I and // (10%), the largest decrease between periods II and /// (56.4%), and a decrease between periods HI and IV nearly twice as large as the decrease of any of the other compounds during the same age range. Glycine exhibited nearly 70% of its total decrease between periods I and //. The decrease in glycine transport between periods II and /// was 15%, which was less than one-half that shown by any of the other compounds during the same period.
Discussion
In agreement with previous studies [7, 8] , steady state transport peaks for both amino acids and sugars were observed immediately after birth. The patterns of decrease for the sugars and amino acids as a function of age, however, were different and these differences appeared to be related to the specificity of the carriers which are assumed to mediate the active transport of these nutrients. The patterns of decrease for the sugars were essentially identical (Table VI) . On the basis of kinetic studies which showed that galactose was a competitive inhibitor of «-methyl-D-glucose accumulation 1 With the exception of the substitution of 3 mM glycine for 3 HIM a-mcthyl-D-glucoside in the Krebs-Tris incubation medium, the method used in obtaining and expressing the results are the same as for Table I . 1 The composite transport value for each sugar and amino acid for each period was obtained by averaging the proximal and distal values. The total decrease of transport was obtained by subtracting the transport of each sugar or amino acid in period IV from that found in period I. The percentage of the total decreases between the consecutive age periods was determined by dividing the decrease between consecutive periods by the overall decrease between periods I and IV.
in intestinal slices from the hamster [4] , the carrier mediating the active transport of these sugars appears to be the same. The three amino acids used in this study are generally considered to represent three of the four specific pathways of amino acid transport in mammalian intestine [28] . Valine, a representative of the neutral amino acid pathway, lysine, a representative of the basic amino acid pathway, and glycine, with affinity for a pathway utilized by imino acids and neutral amino acids without lipophilic side chains, showed marked differences in their maturation patterns. The differences in the effect of age on the transport of these amino acids provides additional evidence that independent transport pathways or carriers are involved. A similar aging pattern shown by two actively transported compounds, however, is not necessarily an indication that they are transported by the same pathway. For example, although the aging patterns for the sugars and valine were very similar, there is abundant evidence that sugars and amino acids are not transported by the same pathways [6, 9, 19, 24] .
Although the high level of protein biosynthesis and the energy required for this synthesis can explain the necessity for an increased transport of amino acids and sugars in young animals, the manner in which the accelerated transport is mediated should be considered. Valine transport in the 2-day-old rats was found to be inhibited by leucine and galactose and dependent on the presence of sodium ions [13] , indicating that the characteristics of the valine carrier system in young animals are similar to those found in adult animals [22, 23] . Further evidence that the increased transport in young animals was not due to the transient presence of structurally modified transport carriers which may bind valine more efficiently comes from kinetic studies reporting that apparent K m for valine accumulation in 2-day-old rats and in adult rats was the same [26] . It appears, rather, that the increased transport in young animals represents a locationally nonspecific increase in the number of transport carriers [7] . This contention is supported by the distribution of the transport activity of the sugars in the proximal and distal intestine as a function of age. During the first two age periods, there was no difference in sugar transport between the proximal and distal intestine. After this time the transport activity in the distal intestine decreased more rapidly than the activity in the proximal intestine resulting in the distribution pattern of sugar transport observed in adult animals [2, 25] . The failure to observe a difference in amino acid transport activity between the proximal and distal segments as a function of age is attributed to the presence of peak activity for amino acid transport in the midintestine [14, 25] .
Summary
The transport of two sugars, labeled a-methyl-D-glucoside and D-galactose, and three amino acids, labeled L-valine, L-lysine, and glycine, by proximal and distal intestinal segments of 2-, 5-, 10-, 16-, 22-, 26-, 30-, and 70-to 84-day-old rats was investigated. The sugars were selected because they are thought to share a common transport system in the adult rat. Conversely, the three amino acids were selected because they seem to have separate transport systems in the adult. Intracellular accumulation was the transport variable investigated.
Transport of both sugars and the three amino acids was maximal in the early postnatal period (2-5 days). The three amino acids showed distinct variation in their developmental transport patterns whereas the sugars had similar patterns.
These developmental data give further support to the thesis of separate transport systems for neutral, basic, and glycine-preferring amino acids.
